This study aims at better understanding of the physiological changes that occur during the winter months in Eastern oysters (Crassostrea virginica) living at their northernmost distributional limit (48°N). It was conducted in northeastern New Brunswick, Canada (47°49′N, 64°46′W). Oysters were held in Vexar ® bags on the bottom of a bay and collected before (December) and during (January-April) the ice-cover period. Winter mortality was <5%. A significant decrease in the concentration of lipids stored in the digestive gland (from 42.0 to 22.5 mg/g wet tissue) indicated that the animals had access to oxygen, probably through minimal shell openings. Proteins were also used, although less heavily (decrease from 68.0 to 59.1 mg/g wet tissue), leading to an accumulation of ammonia in the intrapallial fluid (up to 0.83 μM), which is modest considering the length of time the animals lived as almost closed systems. In contrast, carbohydrates appear to play a minor role in winter energetics. Low pH values of intrapallial fluid were noted in late winter (c. 7.0) as compared with those measured at the onset of winter and in spring (c. 7.7). The animals used more energy substrates in late than in early winter, which might be partly related to the necessity to intensify detoxification mechanisms as toxic metabolites accumulate. Despite the fact that oysters do not filter-feed at temperatures <0°C, the mass of the digestive gland increased by a factor of 1.5 during early winter, presumably as the result of nutrient transfer from other tissues. The ability of C. virginica to use energy-rich substrates and to minimize the accumulation of catabolic byproducts could partly explain the ability of the species to survive prolonged subzero conditions.
INTRODUCTION
In New Brunswick, Canada, the Eastern oyster, Crassostrea virginica (Gmelin, 1791) survives temperatures <0°C from mid-December to early April. The ice cover of about 1 m forms around midDecember and lasts until early April to early May, depending on the year (Stervinou et al., 2013) . The winter physiology of bivalve populations living at high latitudes has seldom been studied, because of the difficulty of sampling under a thick ice cover. Most studies on the winter physiology of bivalves in their natural environment have been conducted in areas where water temperature in winter generally ranges between 5 and 15°C (Borrero & Hilbish, 1988; Ringwood, Hoguet & Keppler, 2002; Rueda & Smaal, 2004; De la Parra, Garcia & Juan, 2005) . However, the conclusions reached by these studies cannot be extrapolated to oysters in New Brunswick, since pumping and feeding rates are dependent on species and temperature (Galtsoff, 1928a, b; Loosanoff, 1958; Comeau et al., 2008) . This study aims to investigate how C. virginica living at their northernmost distributional limit (48°N) are able to survive over the five winter months.
The few studies that have been conducted on northern populations showed that C. virginica has a limited capacity for cold acclimation, because neither the clearance rate nor the use of triglycerides was adjusted when the animals were exposed to low temperatures (Pernet et al., 2007b) . Comeau et al. (2008) and Pernet, Gauthier-Clerc & Mayrand (2007a) showed that feeding is almost nonexistent at 0°C. In contrast, Mytilus edulis is physiologically active and able to feed in near-freezing waters (Jørgensen, Larsen & Riisgård, 1990; Loo, 1992; Cusson et al., 2005; Kittner & Riisgård, 2005; Comeau et al., 2008) . In a concurrent experiment, we investigated the valve-gaping behaviour of oysters selected from the same northern population and kept in ambient sea water (Comeau, Mayrand & Mallet, 2012) . We reported that these oysters have a limited capacity for cold acclimation, since the minimum temperature at which these animals fully opened their valves was the same as that noted for the more southerly populations studied by Galtsoff (1926 Galtsoff ( , 1928a and Loosanoff (1958) . Specifically, at temperatures <5°C, most oysters kept their shells either closed or very slightly opened (mean gape angle of 0.49°), a state that was described as 'quiescent'.
Oysters require energy to contract their adductor muscle and this must be sustained for five consecutive winter months in northern populations. As oysters do not feed in very cold water, it follows that they must depend on their nutrient reserves to sustain muscular contraction in addition to basic cellular functions. The end products of nutrient catabolism are likely to accumulate in their tissues, since the animals are almost cut off from the external environment by the closed shell. This raises the question as to how the oysters from northern populations live as almost closed systems for such an extended period without massive mortalities. In New Brunswick, winter mortality of cultivated C. virginica is typically less than 5%, although it may reach values of 35-40% as was assessed following the winter of 2003 (S. Doiron, NB Department of Agriculture, Aquaculture and Fisheries, personal communication).
Very little is known about how the physiological and chemical characteristics of oysters change under winter conditions. The digestive gland of bivalves acts as a storage site of nutrients obtained from food and as a dispatcher of nutrients to other tissues and organs (Allen, 1970; Sastry & Blake, 1971; Vassallo, 1973; Sastry, 1979) . It plays an essential role when food is either insufficient or inaccessible, as is the case when the cilia of the gills are unable to process particles efficiently at temperatures below 5°C (Galtsoff, 1928a) . Carbohydrates and amino acids are the main fuels available for fermentation (Hochachka, Fields & Mustafa, 1973; Hochachka & Somero, 2002) and are thus expected to be favoured by overwintering oysters living as almost closed systems, while lipids are too reduced to be metabolized in this way (Hochachka et al., 1973; Müller et al., 2012) . However, when exchanges with the external environment are limited, bivalves tend to catabolise proteins only as a substrate of last resort, because accumulation of toxic ammonia may become an issue (Byrne, Dietz & McMahon, 1991) . The opine, succinate and propionate pathways used by bivalves (Hochachka & Somero, 2002) have the advantage of producing less acidic end products than the lactate pathway (Müller et al., 2012) , but still cause acidification of the internal environment. We pose the hypothesis that because overwintering oysters show very limited shell gaping, they use carbohydrates as their predominant source of energy and smaller amounts of proteins towards the end of the winter, with a resulting decrease in internal pH and increase in ammonia concentration.
Few other studies have reported on nutritional condition and internal chemical changes over the course of winter in bivalves in their natural environment. Although Hatcher, Grant & Schofield (1997) and Thompson (1984) described a number of physiological endpoints in M. edulis living at high latitudes, their conclusions cannot be extrapolated to C. virginica because of the aforementioned interspecific differences in cold-acclimation capacity.
MATERIAL AND METHODS

Location of study and experimental set-up
This study was undertaken in the area of Bay St Simon (47°49′N, 64°46′W), a large shallow inlet near Shippagan, New Brunswick, Canada. For a more detailed description of this bay, see Mallet, Carver & Landry (2006) . Experimental oysters originated from a single lot of market-size oysters (64-75 mm shell height (SH), following the terminology for shell morphometry used by Galtsoff, 1964) . The oysters had been graded during the autumn of 2009 and deployed in Vexar ® bags (74 cm x 37 cm x 13 cm) on the bottom of Bay St Simon. Five of these bags, each containing 200 oysters, were used for the first winter sampling (2009) (2010) . The same experimental bags could not be used for the second winter sampling (2010) (2011) as the oysters would have grown during the summer and would not have been comparable in size to those used during the first winter. A second set of five bags containing individuals with the same characteristics as those used for the first winter was therefore deployed in December 2010. Water depth at the study location ranged from c. 1.0 to 2.5 m, depending on the tide. Water temperature was measured every hour using a Minilog-TR data logger (Vemco, Nova Scotia, Canada) attached to one of the oyster bags.
Sampling schedule
On 9 February 2010, a hole was cut through the thick (1 m) ice cover in order to sample the first set of oyster bags. Two subsequent samplings were conducted on 25 March and 27 April 2010. The second set of oyster bags was sampled at the beginning of winter, on 15 December 2010, shortly after water temperature dropped below the 5°C threshold for filter-feeding (Galtsoff, 1926 (Galtsoff, , 1928a Loosanoff, 1958; Comeau et al., 2008) , and on 9 February 2011. On each sampling date, the number of dead and live individuals in each of the five replicate lots was noted. Eleven oysters were then collected from each lot, six for the assessment of biochemical variables and five for the measurement of tissue condition and filling index (see below). As neither follicular development nor gametogenesis occurs during winter in this species (Loosanoff, 1942; Thompson et al., 1996) , we made no attempt to determine the sex of the animals. Unfortunately, the mortality data for the second winter sampling were lost due to a technical issue, but no obvious significant mortalities were observed.
Tissue condition and filling index
The SH of the oysters collected for the determination of tissue condition and filling index was measured with calipers, and the whole shell volume was determined by water displacement. The oysters were opened and the intrapallial fluid drained before weighing the wet flesh. The volume of the valves was measured and the internal shell volume was calculated as whole shell volume minus valve volume. The tissue was dried at 60°C for a minimum of 48 h, reweighed, ashed at 450°C for 4 h and weighed again. Percentages of water in tissue and of inorganic matter in dry tissue were calculated. The filling index was computed as the mass (g) of dry tissue per ml of internal shell volume.
Internal chemical environment and energy reserves
The SH of the oysters collected for the chemical and energy reserve analyses was measured. The top valve was removed and the flesh was immediately covered with a piece of plastic film to minimize the gas exchange with the external environment. A micro pH electrode (model PHR-146XS, Lazar Research Laboratories, Los Angeles, CA) connected to a metre with graduations to 0.01 pH unit was inserted under the gills to measure pH in the intrapallial fluid to a precision of two decimal places. Approximately 1 ml of intrapallial fluid was sampled and frozen in airtight vials at −80°C for further measurements of ammonia levels, following the technique of Michaelidis, Haas & Grieshaber (2005) . The flesh was extracted from the shell, drained and weighed, after which the digestive gland was dissected out, weighed and placed into an airtight vial, which was sprayed with a freezing aerosol (Fisherbrand SuperFriendly Freeze'It TM ). The 'remaining tissue' mass was obtained by subtracting the second value from the first. The samples were stored at −80°C pending analysis of energy reserves.
We chose to measure the nutrient content in the digestive gland because this organ plays the role of central depot of nutrients in bivalves (Sastry, 1979; Hochachka & Somero, 2002) . The digestive glands of two animals were pooled and homogenized (1:10, w/v) in 100 mM citrate buffer with a Polytron-type motorized tissue grinder. The measurements of energy reserves were thus performed on three pools of two digestive glands for each of the five oyster bags. Lipid content in the digestive gland was determined by the method of Frings et al. (1972) , based on the reaction of sulpho-phospho-vanillin with lipids that leads to the formation of a pink chromogen. The absorbance was measured at 540 nm and olive oil was used as the standard. Glucose was measured by the Trinder (1969) technique and glycogen concentration by the method described by Scott & Neff (1984) . Glycogen was broken down to glucose with amyloglucosidase. The reaction of glucose with glucose oxidase and peroxidase produces a purple colour whose absorbance was measured at 515 nm; dextrose was used as the standard. Protein concentration was determined with the Biorad laboratory kit (500-0002), which is based on the Bradford (1976) technique. The homogenate was first treated with Triton 1%, glacial acetic acid and 10 M urea to solubilize proteins (Somero & Childress, 1990) . The reaction of proteins with Coomassie brilliant blue G-250 was then measured at 595 nm, using bovine serum albumin as the standard. Concentrations of lipid, protein, glucose and glycogen (as glucose equivalents) are given per g wet digestive gland for each pool of two glands. The decision to calculate the concentrations per g wet mass, rather than per g dry mass of tissue, was taken in accordance with the recommendation of Shearer (1994) .
Statistics
A lifetest analysis (SAS v. 9.3: procedure lifetest) was run to estimate the winter survival from 9 February to 27 April 2010. On each sampling date (25 March and 27 April), data censoring was carried out either because oysters were used in the biochemical analysis or showed obvious signs of damage (crushed shells) caused by ice.
The effect of timing (sampling date) on the physiology and morphometry of the oysters was investigated with a mixed-model analysis of variance (ANOVA), using the GLM procedure in SPSS v. 22 (IBM SPSS, Chicago). In this model, the replicate bags holding individual oysters were set as a random effect. Normality was tested using Lilliefors' test and homogeneity of variance was verified with the Levene's test in the GLM procedure; either log, rank or reciprocal transformations were used when homoscedasticity was not met. Bonferroni post hoc tests were performed for any significant main effects. Power analyses were conducted along with the ANOVA to evaluate the probability of falsely accepting the null hypothesis (Type II error). The significance level for Type I error was set at P < 0.05 and that for Type II error was set at P < 0.20, as recommended by Zar (1999) .
Because the probability of making a Type II error was >0.20 for the variable 'SH', we standardized the mass of the digestive gland and that of the remaining tissue for a standard oyster of 70 mm SH. Regression equations for the digestive gland and the remaining tissue mass vs SH were calculated for each sampling date. Linear or quadratic equations, whichever best described the relationship, were used to predict the value for a standard 70-mm animal.
We consider that treating the five sampling dates as levels of the fixed factor 'timing' is acceptable, despite the fact that two different cohorts of oysters had to be used. We ensured that the cohorts were in a similar physiological state by comparing the two samplings that were done at the same time of year (9 February 2010 and 9 February 2011). The Bonferroni tests showed that the results noted on these two dates were similar for all variables and the power analysis tests showed that the probability of falsely accepting a null hypothesis was <0.20 for all variables except lipid concentration and SH.
RESULTS
Water temperature was consistently below 0°C from 9 February to 2 April 2010, rose gradually to exceed 5°C on 14 April 2010, and reached 7.5°C on the last sampling day. A few days later, the bay was free of ice. During the second winter of our study, water temperature varied between 2 and 0°C from 9 to 18 December 2010, after which it decreased to less than 0°C until the end of the experiment on 9 February 2011 (Fig. 1A) .
The size of the oysters used for the determination of tissue condition and filling index was homogeneous, with mean SH varying between 67.2 and 77.4 mm among the replicates within the five sampling dates (ANOVA, P > 0.05). Likewise, mean SH was statistically similar among the groups of oysters used for the determination of internal chemical environment and energy reserves on the various sampling dates (mean SH = 66.7-76.8 mm, ANOVA, P > 0.05).
The winter survival rate from 9 February to 27 April, 2010 was 95.1 ± 0.7%. The mass of the digestive gland for an animal of standard 70 mm SH increased in early winter and decreased by almost half from February to the end of April 2010. The standardized mass of the remaining tissues also decreased during this period, but stayed constant during early winter (Table 1, Fig. 1B, C) . The filling index, being a composite variable, was not as sensitive and did not significantly vary over time (Table 1) . Tissue condition, as depicted by the percentages of water and inorganic matter, was quite steady, except at the beginning of the winter (15 December 2010) when the animals were still in good condition (Table 1 , Fig. 2A, B) .
The nutrients stored in the digestive gland were not used significantly during early winter, but sharply decreased later, from February 2010 to March 2010. They were mobilized in the form of lipids, whose concentration dropped by c. 20 mg/g wet digestive gland, and proteins, which decreased by 9 mg/g ( Table 1 , Fig. 3 ). In spring, protein concentration subsequently rose to its highest level. Glycogen stayed constant over the study period and glucose concentration was less than 1 mg/g wet digestive gland at all sampling dates (not shown in figure) .
The intrapallial fluid (Table 1 , Fig. 4A, B) was of low quality in February and March, when pH reached its lowest and ammonia concentration its highest values. Spring was characterized by a return to levels similar to those noted at the onset of winter.
DISCUSSION
Our results show that overwintering oysters favour lipids and proteins as a source of energy over the typical fuel for fermentation, glycogen, and that in spite of a significant use of proteins in late winter, the concentration of ammonia in the intrapallial fluid only shows a modest rise. This result does not support our initial hypothesis that overwintering oysters would depend mainly on carbohydrates as their source of energy, but endorses the importance of proteins as a substrate of last resort.
Even though valve gaping was minimal during the study period, as shown in concurrent research on oysters from the same population (Comeau et al., 2012) , it appeared to play a key role in the oysters' physiology and survival by allowing limited exchanges with the external environment. At 5°C ciliary motion is still present in Crassostrea virginica, although slow and uncoordinated, and the activity of some cilia continues even at −2°C (Galtsoff, 1926 (Galtsoff, , 1928b ).
The lack of coordination precludes particle filtration in cold water, as observed by Pernet et al. (2007b) and Comeau et al. (2008) , but could be sufficient to produce limited exchanges with the surrounding sea water. In our study, such exchanges with oxygenated sea water must have occurred. Indeed, the mobilization of lipids from the digestive gland can only be linked to aerobic metabolism, because lipids are not suitable substrates for fermentation (Hochachka et al., 1973; Müller et al., 2012) . This evidence for aerobic metabolism does not exclude the use of anaerobic pathways by overwintering oysters. Bivalves can use both aerobic and anaerobic pathways simultaneously (Livingstone & Bayne, 1974; Hammen, 1980; Zandee et al., 1986) , because deeply located tissues have a greater tendency to use anaerobic pathways than superficially located tissues (Akberali & Trueman, 1985) . Along these lines, Shumway & Parsons (2006) observed that closed scallops can ventilate sufficiently through a small valve opening to maintain aerobic metabolism while continuing to use anaerobic pathways. The existence of significant exchange with the external environment through the very small shell openings is further supported by the accumulation of ammonia and the decrease in pH in the intrapallial fluid, which were lower in amplitude than expected if the animals had been completely cut off from the surrounding environment for months. The ability to flush metabolic wastes in very cold water has been shown in Mytilus edulis, which excreted ammonia at a rate of 0.5 μmol/animal/h (Hatcher et al., 1997) . In our study, the highest concentration of ammonia that was recorded in the intrapallial fluid after months of exposure to near-freezing water was an order of magnitude lower than the 8 mM value measured in the intrapallial fluid of Corbicula fluminea after only 7 d of emersion without the possibility of exchanging with the surrounding water (Byrne et al., 1991) , a period which was followed by massive mortality. In our study, recorded ammonia levels were comparable with those in the mantle fluid of active and regularly gaping M. edulis (Sadok, Uglow & Haswell, 1997) . We assume that most of the ammonia was produced by the oysters themselves, rather than by associated bacteria, as De Zwaan et al. (2002) showed that the accumulation of ammonia in the incubation water of control Chamelea gallina was very close to the levels measured in a group of animals treated with antibiotics. In the same vein, the decrease in pH was rather small considering that, after months of almost constant shell closure, the pH was only about 0.6 unit lower than the values measured in December, when the oysters' shells had presumably been closed for only a few weeks, and in April, when water temperatures above 5°C triggered the oysters' awakening as reported by Comeau et al. (2012) . Our observations are within the range of pH decreases that were noted after only 24 h of anoxia at 25°C in C. virginica (Lombardi, 2012) and at 15°C in C. gigas (Michaelidis et al., 2005) . The capacity to maintain minimal exchanges with the external environment is probably not the only process that maintains extracellular acidosis within viable limits. Buffering of excess hydrogen ions by bicarbonate ions originating from the inner layer of the shell may also play a significant role (reviewed by Akberali & Trueman, 1985 and Hammer, Kristiansen & Zachariassen, 2011) .
By favouring lipids and proteins over carbohydrates during winter, oysters gain access to high-energy substrates during a sensitive period of the year. This energy pathway may be of critical importance in a situation where a prolonged exposure to very cold water precludes significant feeding. When processed through the aerobic pathway, lipids and proteins yield 36.4 and 23.6 kJ/g, respectively, as compared with 17.2 kJ/g for carbohydrate (Groot, 1995) . Moreover, lipid catabolism produces nothing more toxic than CO 2 and H 2 O. In contrast, protein catabolism has the disadvantage of producing toxic ammonia, but C. virginica has the ability to maintain this at relatively low levels, as described above. Catabolising proteins might have the additional benefit of providing a pool of amino acids, which play a determinant role in intracellular osmoregulation in bivalves (Zurburg & De Zwaan, 1981) .
No evidence was found to support our initial hypothesis that carbohydrates are the main substrate used by overwintering oysters. We assume that the very low levels of carbohydrates noted in the digestive gland throughout the experiment were indicative of the whole-animal condition, since seasonal fluctuations of the nutrient concentration in the digestive gland closely match those in the nongonadic tissues (Ahn et al., 2003; De La Parra et al. 2005) . Our hypothesis was based on the assumption that the episodes of small-amplitude shell opening observed by Comeau et al. (2012) were insufficient to allow a sustained access to oxygenated water and that lipids would be at best a marginal source of energy, but our results show that this was erroneous. As oysters living at subzero temperature are still able to oxidize a significant quantity of high-energy lipids, they do not need an abundant store of fermentable substrates. Moreover, as their activity and metabolism are depressed at low temperature (Barbariol & Razouls, 2000; Pernet et al., 2007b; Comeau et al., 2008) , overwintering bivalves do not show sudden and strenuous activity for which a readily available source of energy such as glucose is necessary. However, they still need a minimal amount of glucose to fuel the nervous system. The low levels of glycogen observed in our study are in accordance with the depression of the capacity for glycogen synthesis noted during winter in C. virginica (Greenway & Storey, 1999) .
The energetic requirements of the oysters appear to be lower in early than in late winter, despite the fact that water temperature was constantly below 0°C during both periods. Indeed, the oysters sampled in early winter maintained their mass of soft tissue as well as the concentrations of nutrients in the digestive gland, while those collected in late winter relied heavily on their reserves and were in poorer condition, as shown by the increased content of water and inorganic matter in their soft tissues. This might reflect elevated costs of cellular protective mechanisms in response to the accumulation of toxic wastes including ammonia. Chetty & Indira (1995a, b) observed elevated activities of various enzymes involved in the detoxification of ammonia, superoxide anions and peroxide in a freshwater unionid bivalve exposed to sublethal concentrations of ammonium sulphate, as well as a reduction in energy stores. Surprisingly, the mass of the digestive gland rose during early winter. We ensured that this augmentation was not a bias introduced by scaling the variable to a 70-mm oyster by running the statistical tests on the uncorrected mass of digestive gland; the Bonferroni test still detected a significant increase from December 2010 to February 2011. Additional samplings were carried out on 18 December 2015 and 9 February 2016 and confirmed that the digestive gland mass increases during early winter (t = -7.56, df = 37, P < 0.001; December: mean SH = 79.9 mm ± 3.3 SD, n = 19; February: mean SH = 81.6 mm ± 4.0 SD, n = 20). The digestive gland mass increased by a factor of 1.58, which is very close to the value observed in 2010-2011. A transfer of nutrients from the tissues to the digestive gland is the most likely cause of this phenomenon. Indeed, the inability of oysters to feed in very cold water (Galtsoff, 1926 (Galtsoff, , 1928a Loosanoff, 1958; Comeau et al., 2008) excludes the accumulation of new reserves, and the rise in water content in the tissues noted for this period represents only a small fraction of the digestive gland mass increment. This widens the role of the digestive gland, which is usually presented simply as a supplier of nutrients to other tissues and organs (Allen, 1970; Sastry & Blake, 1971; Vassallo, 1973; Sastry, 1979) . The digestive gland seemed to begin a restoration process in spring, as suggested by the augmentation in protein concentration, even though the total mass of the organ had not yet started to rebound. Our concurrent study (Comeau et al., 2012) showed that the oysters resumed opening their valves to maximal angle c. 3 weeks before our spring sampling date (27 April), when water temperature reached 5°C. As chlorophyll a concentration in the bay fluctuated between 3 and 10 μg/l, which is in the range of the values observed during the summer months, we can assume that the oysters had resumed feeding, although probably not at the maximal rate. According to Eble & Scro (1996) , nonfeeding oysters possess thin digestive gland tubules with a simple cuboidal epithelium, whereas after winter the epithelium of the tubule walls becomes stratified and the secretory-absorptive cells are regenerated. These authors also noted that phosphatase activity, which was not detectable in the digestive gland of starving oysters, became intense when feeding resumed. The marked increase in protein concentration and the modest increment in lipid concentration noted in spring thus suggest the rebuilding of the tubule walls, along with the synthesis of enzymes associated with the specific functions of the digestive gland.
In conclusion, our results indicate that the shell openings of small amplitude previously reported for quiescent C. virginica (Comeau et al., 2012) probably provide sufficient oxygen for the degradation of energy-rich substrates; moreover, it seems that these small openings concomitantly prevent ammonia buildup and consequently the deleterious effects associated with protein catabolism. Such behaviour and biochemical pathways probably enhance the capacity of northern oyster populations to go through the winter months with low mortality rates (<5%). However, any factor that would diminish the amount of nutrients stored before the onset of winter or accelerate the use of these reserves during winter is likely to destabilize the energy budget and thus to increase the rate of mortality. Pernet et al. (2014) clearly showed that the rate of utilization of triacylglycerol is a good predictor of the risk of mortality in oysters, in the context of exposure to infectious diseases. Also, any factor that would impair or prevent sporadic water exchanges with the external environment, such as excessive siltation and sediment burial (Comeau, 2014; Colden & Lipcius, 2015) might increase the accumulation of toxic byproducts and decrease the capacity to catabolize lipids. Since effects of global warming such as warmer winters and shorter periods of ice cover are detectable in the study area (Stervinou et al., 2013) , it would be interesting to pursue long-term studies on how these changes affect the energy budget and the survival rate of bivalves during the winter period.
